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Objectives: Protocols and criteria for Duplex-based graft surveillance programmes (GS) vary widely as to the optimum 
regimens for maximising detection of "at risk" grafts. Few centres recommend starting GS before discharge. The aim of this 
study was to audit our experience with respect o early scanning. 
Setting: Vascular Studies Unit, Bristol Royal Infirmary. 
Method: The records of 123 patients entering GS from January I992 were reviewed. Patients were scanned at 1 week, 6 
weeks and 3, 6, 9 and I2 months post-bypass. Haemodynamic criteria used were a peak mean velocity (PMV) less than 45 
cm/s and a focal velocity disturbance with a Vz/V I ratio of 1.5 or more. 
Results: Forty-six abnormalities (37% detection rate) were identified on scans within one week. In all cases, on-table 
completion studies with either arteriography and~or flow measurements had failed to identify the anomalies ubsequently 
detected by Duplex. At 1 week, six grafts had occluded, 27 had a focal PMV increase (mean V2/VI ratio: 2.6; range 1.5-4.3), 
four had low flow velocities, four had arteriovenous fi tulae, one contained mobile thrombus, two had retained cusps and 
two had hamstring entrapment. Of 40 patent, but compromised grafts, 18 warranted immediate investigation. Of the 27 
patients with velocity disturbances on Duplex, 25 were simply observed but, eight have since required intervention for 
definitive stenoses at these sites which, in retrospect, were evident within the first postoperative week. 
Conclusions: Pre-discharge scanning is a useful modality for detecting technical problems. Intrinsic graft abnormalities, 
possibly the sites of future definitive stenoses, have been visualised even at I week and once identified, can be more closely 
scrutinised thereafter. Pre-discharge colour Duplex is recommended as standard practice for quality control after 
infrainguinal bypass. 
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Introduction 
Successful infrainguinal bypass is usually recognised 
clinically by the restoration of palpable pulses in a 
warm, perfused extremity. Objectivel)~ the improve- 
ments may be supported by increased Doppler ankle 
pressures. However, it is not always easy to dis- 
tinguish a compromised, albeit functioning raft from 
a normal graft in the immediate postoperative stages, 
despite use of on-table completion studies which are 
designed to eliminate technical errors. Occasionally, a 
new graft can occlude in the first few days following 
surgery with little or no clinical manifestation of 
failure. It would therefore seem advisable to have a 
sensitive, non-invasive means of screening rafts prior 
to discharge from hospital. 
Duplex-based graft surveillance (GS) programmes 
are well-established for screening for progressive, 
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asymptomatic stenoses in the months following infra- 
inguinal bypassJ -5 However, protocols and criteria 
vary with regards to the optimum regimen for 
maximising detection of "at risk" grafts. Few centres 
initiate GS prior to discharge and yet, in this unit's 
experience, scanning at 1 week postoperatively is 
feasible. 6 A previous tudy from this unit showed that 
Duplex was superior to arteriography for detection of 
problems in the early postoperative period and sug- 
gested that Duplex was the modality of choice to 
reduce the need for invasive arteriography. 6 With 
respect o vein graft stenosis, Mills et al. (1995) have 
suggested that definitive lesions develop at sites of 
intrinsic abnormality which can be recognised by 
early Duplex scanning. 7 Routine pre-discharge scans 
would therefore potentially have impact in two areas 
of patient management - -  for detection of defects 
requiring prompt intervention and to allow modifica- 
tion of the usual GS protocol to enable more detailed 
subsequent follow-up. 
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The aim of this study was to audit the impact of 
Duplex surveillance at 1 week and to describe the 
simple modifications used in this unit for scanning in 
the presence of healing, open and/or infected 
wounds. 
Patients and Methods 
The records of all patients entering the GS programme 
at Bristol Royal Infirmary between January 1992 and 
May 1994 were reviewed. During this period, scans 
were initially carried out using an ATL Ultramark 9 
colour Duplex scanner (Advanced Technology Labo- 
ratories, Stevenage, U.K.) but, from October 1992, the 
HDI upgrade was installed and used routinely 
thereafter. 
Intraoperatively, patients had undergone comple- 
tion studies with either on-table arteriography to 
assess the morphology of the distal portion of the graft 
and its run-off or haemodynamic flow/outflow resis- 
tance measurements u ing the OpDop flowmeter 
(SciMed, Bristol, U.K.). From February 1993, angio- 
scopy was used for in situ vein graft preparation and 
also, completion studies. Angioscopy permitted valve 
lysis under direct vision and ligation of tributaries 
through a series of stab incisions at the points 
indicated by transillumination f the angioscope light 
through the skin. On-table arteriography was carried 
out according to a standard regimen using 20 mls of 
Ultravist 300 (Schering Health Care Ltd., West Sussex, 
U.K.) injected irectly into the graft or via the side-arm 
of an introduction catheter inserted into a tributary, 
left long for the purpose and suitable for insertion of 
the angioscope as well. A uniplanar, single radiograph 
of the distal graft was obtained. 
The GS protocol required a full graft Duplex scan 
and Doppler ankle pressure measurements at 1 week, 
6 weeks and 3, 6, 9 and 12 months postoperativel~ but 
at any stage, allowed for additional surveillance 
sessions at the discretion of the vascular technologists 
for patients whose grafts raised a high index of 
suspicion. The 5 MHz linear array transducer was 
preferentially used for most scans. Any patient requir- 
ing intervention for graft stenosis or occlusion which 
was successfully salvaged (either radiologically or 
surgically) re-entered the GS programme again, taking 
the secondary intervention as the start of the new 
programme. In routine practice, Duplex criteria for 
identifying "at-risk" grafts were slow flow, with a 
peak mean velocity (PMV) less than 45 cm/s and focal 
velocity disturbances with a V2/V 1 ratio greater than 
2.0, signifying a stenosis of around 50% or more. ~ 
However, for this study, all patients noted to have 
focal velocity disturbances with V2/V 1 ratios of 1.5 or 
more at the first scan were also included. 
Wherever possible, ward nursing staff were asked 
to dress fresh wounds with either Tegaderm ® (3M, 
Loughborough, U.K.) or Opsite ® (Smith and Nephew, 
Hull  U.K.) to allow scanning directly through the 
dressings. Textile, padded dressings were removed 
and contamination of the exposed wound minimised 
by using sterile ultrasound gel (Meditec, Parma, Italy) 
on the skin and a disposable sanitary cover for the 
transducer head (Ultra-Cover TM, Casmed, Cheam, 
U.K.). Use of the Ultra-Cover TM also protected the 
transducer f om soiling, avoiding the need for pro- 
longed disinfection before use with the next patient. It 
was of course necessary toadd some ultrasound gel to 
the inside of the cover for transmission ofultrasound. 
Technologists wore gloves when scanning over fresh 
and/or infected wounds. In the presence of gross 
swelling, particularly at knee level where the graft was 
usually deepest, it was occasionally necessary to use 
the 3.5 MHz transducer for adequate visualisation. 
The implications of early scanning in terms of 
positive findings requiring intervention and the sub- 
sequent fate of the graft have been reviewed to 
ascertain the value of implementing GS immediately 
postoperatively. 
Results 
Of 123 grafts (62 in situ, 10 non-reversed, 27reversed, 
5 composite vein and 19 polytetrafluoroethylene 
(PTFE)) entered into the surveillance programme 
during the study period" 46 graft abnormalities were 
detected at the first postoperative scan (37% detection 
rate). Two of the grafts were PTFE; the remainder were 
vein. These Duplex findings were not complemented 
by intraoperative completion studies which failed to 
pick up the anomalies. Thirty-four grafts with abnor- 
malities underwent postoperative arteriography and 
18 abnormalities were confirmed. Table 1 shows the 
spectrum of abnormalities detected and confirmation 
by postoperative arteriography where this was the 
case. There was no specific pattern with regards to the 
distribution of Duplex-diagnosed abnormalities and 
postoperative ankle-brachial Doppler indices were 
insensitive at discriminating between normal veins 
and veins designated abnormal by Duplex criteria. 
Five of the six occluded grafts were re-explored. 
Two failures were attributed to segments of sub- 
optimal vein which were excised and replaced; a PTFE 
graft required patch angioplasty of a tight anastomosis 
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Table 1. Abnormalities detected by colour Duplex scanning at I week post bypass and confirmed by subsequent arteriography 
Occlusion Stenosis Thrombus Low Flow Arteriovenous Retained Graft 
Fistulae Cusps Entrapment 
Duplex abnormality 6 27 1 4 4 2 2 
(n=46) 
Confirmation by Arteriography 5 2 1 2 4 2 2 
(n=18) (5) (18) (1) (2) (4) (2) (2) 
(Numbers without parentheses r present arteriograms with positive findings agreeing with the 1-week Duplex scan. Numbers in parentheses 
represent arteriograms carried out). 
and no cause was apparent in two patients (one with 
PTFE and one with vein). Of the 27 grafts with 
"stenoses" (Duplex-designated focal velocity distur- 
bances), one stenosis in the run-off vessel (popliteal 
artery) was attributed to clamp damage and was 
successfully treated by percutaneous angioplasty and 
a second patient required immediate revision of a 
distal anastomosis. A further 25 grafts with localised 
velocity disturbances (mean V2/V1 ratio 2.6; range: 
1.5-4.3) were simply kept under close observation 
following the first scan either because the V2/V1 ratio 
was only just 2.0 or below and/or  because subsequent 
arteriography did not confirm the haemodynamic 
findings. However, 12 grafts were subsequently inves- 
tigated when later follow-up scans showed pro- 
gressive increase of the Va/V1 ratios (mean ratio 7.7; 
range: 2.4-15.0) at the same sites, indicating tightening 
of a stenosis which in retrospect, was usually present 
and creating haemodynarnic disturbance in the first 
postoperative week (Fig. 1). Of these 12, eight grafts 
underwent a salvage procedure and four grafts were 
treated conservatively because intervention was con- 
sidered too difficult technically and/or  the patient's 
fitness was compromised. Six grafts with a localised 
velocity increase seen at the 1 week scan have 
remained static with no further deterioration up to 12 
months post-operatively and early haemodynamic 
disturbances (mean ratio 2.3; range: 1.5-3.2) found in 
seven patients have since resolved. 
One patient with thrombus partially occluding the 
distal anastomosis, as seen on the Duplex scan 
immediately following balloon angioplasty of a distal 
anastomotic stricture presented with graft occlusion 
16 days later, despite warfarinisation. An MRA scan 
had been carried out, but this had failed to support he 
Duplex findings. The graft was successfully treated 
with t-pa thrombolysis. 
Four grafts with low flow velocities on the early 
scan (PMV's consistently below 45 cm/s along the 
graft) were thought o be at risk, but intervention was 
not considered appropriate and two grafts have 
occluded (one at 6 weeks and the other at 3 months 
postoperatively), one had stenosed at 4 months and 
one remains functioning. 
Four patients had arteriovenous fistulae detected by 
Duplex. The number of fistulae per patient ranged 
from one to three. In all four patients, the Duplex 
findings were confirmed by arteriography and the 
fistulae were surgically ligated. Duplex proved useful 
for precise localisation of the fistula sites preopera- 
tively and in two cases, this enabled the exploration to 
be completed under local anaesthetic. 
Two patients were found to have retained cusps 
which were missed by intraoperative completion 
studies. These were recognised by localised increases 
in PMV and ultrasound evidence of intraluminal 
filling defects and were confirmed by digital subtrac- 








Ratios Ratios when definitive 
at i week stenosis diagnosed 
Fig. 1. Diagram to illustrate the 1 week Duplex velocity ratios 
compared with velocity ratios measured atthe time of diagnosis of
a subsequent graft stenosis. In all but one case, patients with 
definitive stenoses according to flow velocity criteria, had velocity 
ratios of 1.5 or more on the 1 week scan (n = 12). 
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valve lysis and patch angioplasty respectively. Finally, 
two patients with subcutaneously-placed below-knee 
femoropopliteal grafts were noted to have varying 
flow velocities at the knee level depending on the 
posture of the knee. Flow was virtually occluded in 
full extension and was restored to normal with the 
knee flexed. Subsequent arteriography, with the knee 
joint flexed and extended, confirmed the impingement 
of the graft by the medial hamstring tendons and in
each case, the tendons were surgically released to 
successfully free the graft (Fig. 2). 
Discussion 
Review of the literature regarding GS by serial Duplex 
scanning, reveals many different regimens for the 
initiation and subsequent frequency of scans. The 
timing of the first scan ranges from 1 week 4-z to 1 
month 8-1°, 6 weeks 2 and 3 months. 1 Some pro- 
grammes review patients every 3 months; 3'5 others, 6 
monthly s and regimens continue for up to 9 months, 4 
12 months 2'3'5 and 3 years. 1° Whilst-it is generally 
accepted that the highest incidence of vein graft 
stenosis due to intimal hyperplasia is between 1 and 
12 months postoperatively and that screening for 
asymptomatic stenoses should be most intensive 
during this intermediate period, only a minority of 
centres, actively screen prior to discharge. 4-7 Graft 
surveillance is not widely advocated to screen for 
technical problems which account for the majority of 
graft failures within the first postoperative month, but 
as these are often simply remedied, this is probably 
warranted. This series shows that Duplex has the 
ability to reveal technical defects warranting inter- 
vention (nine grafts - -  7% overall and 20% of 
abnormalities detected). 
The logistics of scanning in the presence of fresh 
scars and dressed wounds may underly a reluctance 
to scan in the first postoperative week, but in our 
experience, this is no problem with the precautions 
described and modern, ultra-thin, membrane dress- 
ings allow precise scanning without disturbance of the 
wound site. 11 Moreover, with care, patient comfort is 
not compromised. In fact, use of occlusive dressings 
eases the discomfort experienced, both with regards to 
friction caused by the transducer head on sutures and 
wiping off the ultrasound gel at the end of the 
examination. Whilst most wounds are epithelialised at 
Fig. 2. Sequence of digital subtraction a giograms with hamstring entrapment of the subcutaneously-placed graft, showing from left to 
right, progression from normal flow to complete occlusion as the leg is fully extended from the flexed position. 
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one week, some of these patients had oozing wounds 
(blood and/or serous) and in our opinion, the precau- 
tions were justified. The guidelines adopted were for 
the protection of patients and staff. Whilst accepting 
that they may have been unnecessary in some 
patients, it was agreed that the same protocol should 
be adopted for all, in order to safeguard the few at 
risk, without requiring the technical staff to make an 
individual clinical judgement in each case. 
Particularly with distal grafting, intraoperative graft 
assessment must be an integral part of each operation. 
Morphological assessment, as with arteriograph35 
gives no functional information and ideall3~ anatomi- 
cal and haemodynamic evaluation are required. Vari- 
ous modalities have been advocated including, arter- 
iography, 12 ultrasound and Duplex scanning, 13 
electromagnetic flow monitoring, 14outflow resistance 
measurements, ~5 Doppler spectral analysis ~6 and ple- 
thysmography7 The number of different modalities 
available suggests that perhaps none are ideal. 
Whilst arteriography as been regarded as the "gold 
standard" for intraoperative assessment, subtle intra- 
luminal anomalies may be obscured by the density of 
the contrast and a single, uniplanar view limits the 
diagnostic apability. Up to 10% of retained cusps may 
be missed, ~s although arteriography is sensitive at 
detecting persistent arteriovenous fistulae. The fistu- 
lae in the four grafts that were detected by Duplex, but 
not at completion, were proximal in two cases (beyond 
the limits of the radiograph) and arteriography was 
not carried out in the other two. Until recentl)~ reports 
of Duplex scanning for intraoperative use have been 
scant. Reasons for this include cumbersome equip- 
ment, transducers ill-adapted for the operative field 
and cost. Duplex scanning combines morphological 
and functional assessment and was compared with 
arteriography by Cull et al. 13 who found that whilst 
the techniques were equally sensitive, the combination 
of the two enhanced the diagnostic accuracy. At 
present, criteria for re-intervention on the basis of 
Duplex findings are empirical and standards are 
required, although similar criteria to those used in 
postoperative graft surveillance have been applied to 
the operative setting. 13 
The 37% detection rate of Duplex-detected abnor- 
malities seems alarming in the face of satisfactory 
intraoperative completion studies and probably 
results from a combination ofthe limitations of current 
operative surveillance techniques and the sensitivity 
of Duplex. The fact remains that the natural history of 
graft stenosis is still obscure and the precise aetiology 
remains uncertain but what is ceffain is that pre- 
existing, intrinsic vein graft pathology is present from 
the outset and may form the basis of progressive 
hy~erplastic lesions. These may be detectable arly 
on and whilst not necessarily warranting active 
intervention, may at least raise the index of suspicion 
such that affected areas are more intensively scruti- 
nised with more frequent follow-up visits. Mills et al 7 
have carried out detailed Duplex surveillance to 
determine the origin of vein graft lesions and their 
propensity for progression and found that only 2% of 
stenoses developed e novo and significant stenosis 
appeared to develop at sites on pre-existing abnormal- 
ity or unrepaired technical defect. Of 42 grafts with 
abnormal 1 week scans (32% of the series), 18 (43%) 
subsequently developed high-grade stenoses. 7 In this 
series, 27 grafts (22% of the series) demonstrated 
suspicious areas on the I week scan and eight of them 
(30%) subsequently developed efinitive stenoses. 
The sensitivity of Duplex is such that the informa- 
tion obtained may be sufficient o avoid the need for 
additional invasive arteriography. Arteriography and 
Doppler ankle pressure measurements have been 
shown to be inferior to colour Duplex for quality 
control immediately postoperatively and Duplex has 
the advantage of being non-invasive, avoiding delay 
of hospital discharge and is cost-effective b ing about 
one fifth of the cost of arteriography. 6 
This review of postoperative scanning shows 
Duplex to be a reliable modality for detecting techni- 
cal problems and possible sites of future haemody- 
namically-significant stenoses at an early stage. With 
the modifications described, there can be no objection 
to early scanning on the basis of wound contamination 
and/or imaging difficulties. The ability to identify "at- 
risk" grafts at an early stage may have important 
implications in the planning of GS programmes for the 
future. 
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